Chediak-Higashi syndrome (CHS) is a rare, autosomal recessive disease of humans characterized by partial albinism, recurrent bacterial infections, and the presence of "giant" intracellular vesicles. A specific subset of vesicles are affected, namely lysosomes, melanosomes, platelet dense granules, and cytolytic granules. This finding suggests that these vesicles share common mechanistic or biosynthetic features. It is thought that the abnormally large vesicles are caused by defective regulation of vesicle fusion. The enlarged melanosomes cause a partial pigment dilution, whereas the dysfunctional cytolytic granules result in impaired bacterial killing. CHS patients ultimately die of a lymphocytic-like infiltrate that invades the major organs of the body which, along with a bleeding tendency due to the platelet abnormality, results in major organ failure and death (for review, see ref. 1 ). Many other mammalian species have phenotypically similar disorders, but with differences in clinical severity; these species include mice, rats, cows, cats, and minks. The beige (bg) mouse and the Aleutian mink are the best studied examples. The distinctive coat color of the mouse mutation has allowed for the localization of bg to mouse chromosome 13 (2) . We previously suggested that a complementation-based strategy could be used to isolate the bg gene (3) . In (3 x 106 MCHSF2) were fused to 0.5 ml of the spheroplast preparation in 0.4 ml of 50% PEG 1500/10 mM CaCl2 (Boehringer Mannheim) for 100, 150, and 200 sec. The fusion reaction was diluted with 4.0 ml of serum-free DMEM, incubated at room temperature for 20 min, centrifuged at 100 x g for 5 min, and plated into four 100-mm plates. Microinjections were performed according to Gnirke et al. (4) . Twenty-four hours after fusion or microinjection, the cells were washed twice with PBS and incubated with DMEM containing 10% FCS and 400-500 ,ug/ml of G418 for 3 to 4 weeks. Individual colonies were isolated and expanded to at least 1 x 106 cells. Genomic DNA was isolated from these colonies using Qiagen (Chatsworth, CA) Genomic DNA Tips and the DNA used for Southern blot or PCR analysis. YAC vector sequences that are immediately adjacent to the genomic insert were assayed using PCR primers specific for YAC "left" and "right" arms (9) , or by Southern blot analysis using the YAC vector as a probe.
Fluorescent Microscopy and Fluorescence in Situ Hybridization (FISH). Cells were examined for lysosomal morphology using fluorescent labeling of lysosomes (3). Briefly, lysosomes were labeled by incubating cells overnight in DMEM plus 10% FCS with 0.5 mg/ml of Lucifer yellow-CH, followed by two washes in culture medium, and a final 2-6 hr chase in medium alone. Lysosomes were visualized on live cells using standard fluorescent microscopy techniques. FISH and metaphase spreads were performed according to Lowery et al. (10) . YAC vectors [pYAC55 (Sigma) and pRV1] were simultaneously nick translated using GIBCO/BRL BioNick Labeling System and used to probe the metaphase spreads. Chromosomes were visualized using 4',6-diamidino-2-phenylindole (DAPI) and YAC sequences with streptavidin-Cy3.
Somatic Cell Fusions. Aleutian mink or human CHS (GM02075A) fibroblast lysosomes were labeled with Lucifer yellow-CH, whereas the complemented bg mouse fibroblast colony 195-4 lysosomes were separately labeled with dextranTexas red. The two cell populations were trypsinized, mixed together, and fused to one another using UV-inactivated Sendai virus (3, 11) . The cells were plated and examined 24 hr later using fluorescent microscopy. Two photographs of the same field were taken, one to visualize the Lucifer yellow fluorescence and a second to visualize the dextran-Texas red.
A heterokaryon can be identified by the presence of both dyes within all lysosomes of one cell. RESULTS YAC Characterization. It was known that bg is located near Nid on chromosome 13 (2), so we used PCR primers specific for Nid to isolate YACs from the bg/Nid region (Fig. 1) We obtained seven G418 resistant colonies from several independent spheroplast fusions using YAC 195.A8. The efficacy of YAC transfer using spheroplast fusion was extremely low as determined by G418-resistance. We calculated a frequency of colony formation of 10-7. Southern blot and PCR analyses (9) confirmed that all resistant colonies contained YAC "right" arm vector sequences (Fig. 2) (Fig. 4) and contained only a frag- (Fig. 4A ). This chromosomal staining is expected since a clear C9.E7 was microinjected into band can be seen on a Southern blot in the parental cell line independent colonies were MCHSF2 (Fig. 2) . This is probably due to the hybridization of (14) , possibly because they contain an origin of replication (15) . Some of our YAC transformants exist extrachromosomally and are amplified in high G418 concentrations, whereas others at these same drug concentrations are not amplified. This suggests that these latter colonies are the result of YAC integration into mouse chromosomes. The observation that the noncomplemented colonies never contained amplified sequences while all of the complemented colonies contained amplified sequences suggests that an origin of replication may exist near the bg gene that allows these YAC transformants to exist extrachromosomally. The fact that all complemented colonies contained amplified sequences might suggest that amplification is necessary for complementation. However, we believe that amplification is not necessary for complementation. In our previous study using somatic cell fusions, complementation occurred between cells that contained only the two endogenous wild-type copies of the bg gene (3) .
When complemented colonies were examined by FISH using YAC vector sequences as the probe, many of the DM chromosomes were positive for YAC sequences (Fig. 4B) . It the staining that does not reside on a DM identifies "episomes," which are thought to be small extrachromosomal elements that may ultimately give rise to DMs (16) . Studies are currently underway to examine this hypothesis.
In this study, we demonstrate that a specific murine YAC is capable of complementing the bg mutation. These results localize the bg gene to a 500-kb interval. We also demonstrate by cell fusion studies that this same YAC can complement the Aleutian mink and human CHS disorders. While correction could be due to more than one gene on the YAC, our results coupled with our previous study strongly suggest that the mouse, mink, and human disorders are caused by defects in homologous genes.
